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DETAILED ACTION 

This action is responsive to the application filed August 4, 2006. 



Claim Rejections - 35 USC §112 

1 . The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

2. Claims 8, 1 0, 1 4, 1 7, 1 9, 22, 25, and 28-33 are rejected under 35 U.S.C. 1 1 2, 
second paragraph, as being indefinite for failing to particularly point out and distinctly 
claim the subject matter which applicant regards as the invention. 

3. Claim 8 recites the limitation "the full strain tensor" in claim line 2. There is 
insufficient antecedent basis for this limitation in the claim. 

4. Claim 10 recites the limitation "the Von Mises (VM) coefficient" in claim line 2. 
There is insufficient antecedent basis for this limitation in the claim. 

5. Claim 14 recites the limitation "the full strain tensor" in claim line 2 and "the 
components" in claim line 2. There is insufficient antecedent basis for these limitations 
in the claim. 

6. Claim 17 recites the limitation "the Von Mises (VM) coefficient" in claim line 2. 
There is insufficient antecedent basis for this limitation in the claim. 

7. Claim 19 recites the limitation "the elastic modulus" in claim line 5. There is 
insufficient antecedent basis for this limitation in the claim. 
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8. Claim 22 recites the limitation "the regularized nonlinear minimization Levenberg- 
Marquardt (L&M) minimization algorithm" in claim lines 2-3. There is insufficient 
antecedent basis for this limitation in the claim. 

9. Claims 25 and 28-33 do not positively recite any method or process steps. 
These claims only recite a use for the recited method and do not recite how the use is 
related to the method or how the method provides the use recited in each claim. Proper 
correction is needed. 

Claim Rejections - 35 USC § 102 

1 0. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1 02 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

11. Claims 1-11, 25, 28-30 and 33 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Maurice et al. (Noninvasive Vascular Elastography: Theoretical 
Invesitgation). 

12. Addressing claims 1-11, Maurice discloses a method for vascular elastography 
(see abstract) comprising: providing pre-tissue-motion and post-tissue-motion images in 
digital form of a vessel delimited by a vascular wall (see p. 165, para 6); said pre-tissue- 
motion and post-tissue-motion images being representative of first and second time- 
delayed configuration of said vessel (see p. 165, para 6); partitioning at least portions of 
both said pre-tissue-motion and post-tissue-motion images into corresponding data 
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windows (see fig. 1 , and p. 166 section "The tissue-motion Model); approximating a 
trajectory between said pre-tissue-motion and post-tissue-motion images for 
corresponding data windows (see fig. 1 , and p. 166 section "The tissue-motion Model); 
and using the trajectory for each data window to compute a strain tensor in each data 
window (see fig. 1, and p. 166 section "The tissue-motion Model); using said strain 
tensor in each data window to create an elastogram of at least part of said vessel (see 
abstract, p. 166 section "The tissue-motion Model" and p. 169 1 st para on right side); 
wherein said pre-tissue-motion and post-tissue-motion images are radio-frequency (RF) 
images (see p. 166 section "The dynamic Imaging-formation model"); wherein said pre- 
tissue-motion and post-tissue-motion images are part of a sequence of radio-frequency 
(RF) images (see p. 166-167 sections "The dynamic Imaging-formation model" and "the 
Lagrangian Speckle model Estimator"); wherein said pre-tissue-motion and post-tissue- 
motion images are issued from magnetic resonance imaging (MRI), optical coherence 
tomography (OCT), brightness mode (B-mode) or Doppler-based ultrasound modality 
imaging (see p. 164 section "Introduction"); wherein providing pre-tissue-motion and 
post-tissue-motion images in digital form of a vessel includes inducing tissue 
compression or dilatation on said vessel (see p. 166 section "The Tissue-Motion 
Model"); wherein inducing tissue dilatation on said vessel is achieved by cardiac 
pulsation (see abstract and p. 174 section "Results"); wherein said strain tensor is the 
full strain tensor in at least one of said data windows (see abstract, p. 165 section 
"Methodology," and p. 167-168 section "The Lagrangian Speckle Model Estimator"); 
wherein said full strain tensor is computed from three-dimensional or two-dimensional 
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ultrasound data (see abstract, p. 165 section "Methodology," and p. 167-168 section 
"The Lagrangian Speckle Model Estimator"), using said full strain tensor to compute the 
Von Mises (VM) coefficient in each data window (see abstract, p. 165 section 
"Noninvasive Vascular Elastography," and p. 172 left side); wherein approximating a 
trajectory for each said data window includes using a Lagrangian speckle model 
estimator (LSME) (see p. 165 "Methodology" and p. 167 section "The Lagrangian 
Speckle Model Estimator"). 

13. Addressing claims 25, 28-30 and 33, Maurice discloses using the above method 
for endovascular elastography (see section "Introduction"), using the above method for 
non-invasive vascular elastography, including microvascular elastography (see p. 165 
section "Noninvasive Vascular Elastography" and fig. 5), using the above method for 
prediction risks of vascular tissue rupture or vascular aneurysms (see p. 177), using the 
above method for in vivo measurements (see p. 165). 

14. Claims 1-4 and 6 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Ophiret al. (Ultrasonic Imaging of Tissue Strain and Elastic Modulus In Vivo). 

15. Addressing claims 1-4 and 6, Ophir discloses an elastography imaging technique 
where longitudinal strain is estimated from the analysis of ultrasonic signals obtained 
from standard medical ultrasound diagnostic equipment. A set of digitized RF echo lines 
from the tissue region of interest are acquired. The tissue is then compressed by the 
ultrasonic transducer along the ultrasonic radiation axis and a second set of echo lines 
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is acquired from the same region of interest. Congruent echo lines are subdivided into 
small temporal windows which are compared pairwise by using cross-correlation 
techniques from which the change in arrival time of the echoes before and after 
compression can be estimated. The longitudinal strain may then be estimated from the 
differences in arrival times between pre compression and post compression echo lines. 
The windows are translated in small overlapping steps along the temporal axis of the 
echo line and the strain calculation is repeated for all depths (see abstract, p. 58, and 
fig. 2). 



16. Claims 34-39 and 46 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Hall (US 6508768). 

17. Addressing claims 34-39 and 46, Hall discloses a system for vascular 
elastography comprising: an ultrasound system for acquiring pre-tissue motion and 
post-tissue motion radio-frequency (RF) images of a vessel; said pre-tissue motion and 
post-tissue motion images being representative of first and second time-delayed 
configuration of said vessel; a controller, coupled to said ultrasound system, i) for 
receiving said pre-tissue motion and post-tissue motion RF images, ii) for digitizing said 
pre-tissue motion and post-tissue motion RF images, iii) for partitioning both said pre- 
tissue motion and post-tissue motion RF images into corresponding data windows, iv) 
for approximating a trajectory for each said data windows; and v) for using said 
trajectory for each said data window to compute a strain tensor in each data window; 
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and an output device coupled to said controller to output information related to said 
strain tensor in each data window (see fig. 1 and col. 12 line 40-col. 13 line 63; Hall 
discloses a system that is capable of performing all the functional limitations as above). 

18. Addressing claims 35-36, Hall discloses that the reception controller may include 
analog to digital conversion circuitry. The controller (160) is coupled to ultrasonic 
transducer element (see col. 13 lines 35-52 and fig. 1). 

19. Addressing claims 37-39, Hall discloses an ultrasound instrument including a 
scanhead, wherein said scanhead includes an array transducer and a single-element 
oscillating transducer (see (140) and (142) in fig. 1). 



Claim Rejections - 35 USC § 103 

20. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

21 . The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 
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2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

22. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

23. Claims 1 2-23 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Ophir et al. (Ultrasonic Imaging of Tissue Strain and Elastic Modulus In Vivo) in view of 
Maurice et al. (Noninvasive Vascular Elastography: Theoretical Framework). 

24. Addressing claims 12-23, Ophir discloses the limitations of claim 1 above. Ophir 
discloses computing stress in three dimensions (see p. 55) and computing deformation 
in blood vessels (see p. 52 left side), but does not explicitly disclose using zero-order 
and first-order terms of a Taylor series expansion to approximate trajectory. However, 
Maurice discloses using zero-order and first-order terms of a Taylor-series expansion to 
approximate trajectory (see p. 166 section "The Tissue-Motion Model"), using said 
trajectory for each said data window to compute a strain tensor in each data window 
includes performing a non-linear minimization for each data window by computing a 
transformation [LT] providing the best match between each of said pre-tissue motion 
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image and a corresponding window in said post-tissue motion image (see p. 167-168 
section "The Lagrangian Speckle Model Estimator"); computing the full strain tensor 
epsilon (see p. 166 section "The Tissue-Motion Model"); determining an elastogram 
providing a distribution of each component of the deformation matrix and of the strain 
tensor (see p. 166 and p. 169); computing a pressure gradient between said pre-tissue- 
motion and post-tissue-motion images; said pressure gradient being used in 
determining said elastogram (see p. 156 right side, p. 172 right side, and p. 179); further 
comprising computing the Von Mises (VM) coefficient in at least some of said data 
windows (see p. 170-172 section "A new parameter for tissue characterization"); further 
comprising determining a composite elastogram providing a distribution of the VM 
coefficient in at least some of said data windows (see p. 176 and fig. 13a); further 
comprising: providing pressure gradient resulting from blood flow pulsation of said 
vessel when said pre-tissue motion and post-tissue motion images are taken; and 
computing the elastic modulus in at least some of said data windows as set forth in 
instant claim 1 9 (see p. 1 71 -1 74); wherein using said trajectory for each said data 
window to compute a strain tensor in each data window includes solving a minimization 
equation (see p. 167-168 section "The Lagrangian Speckle Model Estimator"); wherein 
solving said minimization equation includes using a minimization algorithm (see p. 168), 
wherein said minimization algorithm is the regularized nonlinear minimization 
Levenberg-Marquardt (L&M) minimization algorithm (see p. 168); wherein using said 
trajectory for each said data window to compute a strain tensor in each data window 
includes solving in a region of interest represented in both said pre-tissue-motion and 
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post-tissue-motion images for each corresponding said pixels in said pre-tissue motion 
and post-tissue motion images in digital form (see p. 167-178). Ophir and Maurice are 
concerned with the same field of endeavor, namely tissue stain imaging. Therefore, it 
would have been obvious to one of ordinary skill in the art to modify Ophir by using 
Maurice's methods and expanding the evaluations to three dimensions, as desired by 
Ophir, since vascular tissue deforms non-uniformly, a Taylor-series expansion 
accurately approximates small regions of interested for strain modeling and minimizes 
computation time. 



25. Claims 12-23 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Maurice et al. (Noninvasive Vascular Elastography: Theoretical Framework), in view of 
Ophir et al. (Ultrasonic Imaging of Tissue Strain and Elastic Modulus In Vivo). 

26. Addressing claim 12, Maurice discloses using zero-order and first-order terms of 
a Taylor-series expansion to approximate trajectory (see p. 1 66 section "The Tissue- 
Motion Model"), but does not explicitly discloses using the Taylor-series in three- 
dimensions. However, Ophir discloses that strain happens in tissue in three dimensions 
(see p. 55). Ophir and Maurice are concerned with the same field of endeavor, namely 
tissue stain imaging. Therefore, it would have been obvious to one of ordinary skill in 
the art at the time of invention to modify Maurice by expanding the Taylor series to three 
dimensions since stress happens in three dimensions for tissue that has deformed. 
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27. Addressing claims 13-23, Maurice discloses using said trajectory for each said 
data window to compute a strain tensor in each data window includes performing a non- 
linear minimization for each data window by computing a transformation [LT] providing 
the best match between each of said pre-tissue motion image and a corresponding 
window in said post-tissue motion image (see p. 167-168 section "The Lagrangian 
Speckle Model Estimator"); computing the full strain tensor epsilon (see p. 166 section 
"The Tissue-Motion Model"); determining an elastogram providing a distribution of each 
component of the deformation matrix and of the strain tensor (see p. 166 and p. 169); 
computing a pressure gradient between said pre-tissue-motion and post-tissue-motion 
images; said pressure gradient being used in determining said elastogram (see p. 156 
right side, p. 172 right side, and p. 179); further comprising computing the Von Mises 
(VM) coefficient in at least some of said data windows (see p. 170-172 section "A new 
parameter for tissue characterization"); further comprising determining a composite 
elastogram providing a distribution of the VM coefficient in at least some of said data 
windows (see p. 176 and fig. 13a); further comprising: providing pressure gradient 
resulting from blood flow pulsation of said vessel when said pre-tissue motion and post- 
tissue motion images are taken; and computing the elastic modulus in at least some of 
said data windows as set forth in instant claim 19 (see p. 171-174); wherein using said 
trajectory for each said data window to compute a strain tensor in each data window 
includes solving a minimization equation (see p. 167-168 section "The Lagrangian 
Speckle Model Estimator"); wherein solving said minimization equation includes using a 
minimization algorithm (see p. 168), wherein said minimization algorithm is the 
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regularized nonlinear minimization Levenberg-Marquardt (L&M) minimization algorithm 
(see p. 168); wherein using said trajectory for each said data window to compute a 
strain tensor in each data window includes solving in a region of interest represented in 
both said pre-tissue-motion and post-tissue-motion images for each corresponding said 
pixels in said pre-tissue motion and post-tissue motion images in digital form (see p. 
1 67-1 78). It would have been obvious to one of ordinary skill in the art at the time of 
invention to modify Maurice by expanding to three dimensions since stress happens in 
three dimensions for tissue that has deformed, as disclosed above. 

28. Claims 24 and 26-27 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Maurice et al. (Noninvasive Vascular Elastography: Theoretical Framework), in 
view of Hall (US 6508768). 

29. Addressing claims 24 and 26-27, Maurice discloses wherein providing pre-tissue- 
motion and post-tissue-motion images includes acquiring intravascular RF images using 
a catheter (see p. 164-165 section "Reported Works on EVE"), but does not explicitly 
disclose collecting cross-sectional and longitudinal data. However Hall states that it 
would be known to a person skilled in the art to extend two dimensional procedures to 
three dimensional imaging and processing. Instead of processing echo signal 
information from points on a scan plane, information from samples within a scan volume 
will be processed (cross section and longitude). Instead of two dimensional search 
windows, a three dimensional embodiment will use three dimensional search windows 
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(see col. 13 lines 20-33). Hall also discloses that a catheter is disposed within a target 
blood vessel and that said catheter includes an ultrasound transducer which is rotated 
to provide a circumferential image of the vessel (see paras 3-5). Hall and Maurice are 
concerned with the same field of endeavor, namely ultrasonic stain imaging. Therefore, 
it would have been obvious to one of ordinary skill in the art to process collect cross- 
sectional and longitudinal data from said vessel by sweeping the beam over a 
predetermined angle to analyze motion in all directions. 



30. Claims 31 -32 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Maurice et al. (Noninvasive Vascular Elastography: Theoretical Framework), in view of 
Cantini et al. (Aminoguanidine and Aortic Wall Mechanics, Structure, and Composition 
in Aged Rats). 

31 . Addressing claims 31 -32, Maurice does not explicitly discloses phenotyping in 
animal models using genetic or closing technologies for modeling hypertension. 
However, Cantini discloses that aortic walls become stiffer with age and this could be 
caused by changed in wall stress or composition and that this is sometimes found in 
rats with hypertension (see abstract and p. 947). Therefore, it would have been obvious 
to use Maurice's method for phenotyping in animal models using genetic or cloning 
technologies to model hypertension since this disease can be linked from rats to 
humans (see p. 946-967 in Cantini). 



Application/Control Number: 10/588,421 
Art Unit: 3768 



Page 14 



32. Claims 40-41 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Hall (US 6508768), in view of Maurice et al. (Noninvasive Vascular Elastography: 
Theoretical Framework). 

33. Addressing claims 40-41 , Hall does not explicitly disclose a catheter or an 
ultrasound biomicroscope for non-invasive microvascular elastography measurement. 
However, Maurice discloses a catheter and ultrasound biomicroscope for non-invasive 
microvascular elastography measurements (see p. 165). Therefore, it would have been 
obvious to one of ordinary skill in the art at the time of invention to modify Hall by 
incorporating a catheter or an ultrasound biomicroscope for non-invasive microvascular 
elastography measurements since these devices provide better understanding of wall 
elasticity and allow for identifying hard and soft plaques of the vessel wall. 

34. Claims 44-45 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Hall (US 6508768), in view of Cantini et al. (Aminoguanidine and Aortic Wall Mechanics, 
Structure, and Composition in Aged Rats). 

35. Addressing claims 44-45, Hall does not explicitly discloses phenotyping in animal 
models using genetic or closing technologies for modeling hypertension. However, 
Cantini discloses that aortic walls become stiffer with age and this could be caused by 
changed in wall stress or composition and that this is sometimes found in rats with 
hypertension (see abstract and p. 947). Therefore, it would have been obvious modify 
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Hall by incorporating phenotyping in animal models using genetic or cloning 
technologies to model hypertension since this disease can be linked from rats to 
humans (see p. 946-967 in Cantini). 
36. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to NIGEL FONTENOT whose telephone number is 
(571 )270-7032. The examiner can normally be reached on Monday-Friday (7:00a- 
4:00p). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Long Le can be reached on 571-272-0823. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/N. F7 

Examiner, Art Unit 3768 



/Long V Lei 

Supervisory Patent Examiner, Art Unit 3768 



